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TomographyAbstract Introduction: Identiﬁcation is one of the challenging aspects of forensic sciences. Despite
the numerous anthropological researches on the scapula, there is a notable lack of information con-
cerning the scapular growth.
Aim of the work: Aim of the work was to analyze the growth of the scapula by means of thirteen
measurements commonly used for assessment among a sample of young aged Egyptian population,
in order to evaluate their signiﬁcance and capacity for age and sex determination during bone devel-
opment using reconstructed CT images.
Subjects and methods: The study was conducted on 162 Egyptian patients (83 males and 79
females), ranging from birth to 25 years of age, referred to the Radiodiagnosis and Intervention
Department, Faculty of Medicine, Alexandria University for Multidetector Computed Tomogra-
phy (MDCT) of the chest. Thirteen measurements were selected on the scapula and were subjected
to statistical analysis.
Results: A signiﬁcant positive correlation was detected between the measured scapular variables
and the age. Signiﬁcant sexual dimorphism was identiﬁed in four of the scapular measurements
in the youngest age group. However, signiﬁcant differences between the sexes appeared after the
cessation of growth in girls, where a large number of variables (the scapular length, breadth, max-
imum length of the spine, supra and infra scapular height, maximum length of the glenoid mass,
thickness of the lateral border, as well as the glenoid, supra-infrascapular indices) were sexually
dimorphic.pollion
Study of scapula 57Conclusions: The results achieved from the current study are useful tools in the diagnosis of age
and sex in both forensic and bio-archeological identiﬁcation procedures; however, further studies
are strongly suggested.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Identiﬁcation is one of the most challenging aspects of forensic
sciences especially in cases where skeletal remains and dismem-
bered or mutilated body parts are recovered and brought for
examination. Therefore, it is vital to estimate age, sex, stature
as well as ethnic background in order to establish the biologi-
cal proﬁle of the remains.1–3 The estimation of age at death in
a skeletal collection of immature individuals as well as the
determination of sex is quite important during the identity
deﬁning stage. The reliability of sex determination depends
on the completeness of the remains and the degree of sexual
dimorphism inherent in the population.4
Methods of age estimation in infants and juveniles either
living or dead rely on the degree of skeletal development
(length of the diaphysis of long bones of limbs, the closure
of epiphyses and the fusion of the primary ossiﬁcation centers)
in addition to dental eruption. Based on the biological (skele-
tal) age of the individual at the time of death, these methods
provide a speciﬁc age range derived from the degree of skeletal
maturation and growth.5,6
Though there is an ongoing debate about whether or not we
are able to differentiate between females and males before pub-
erty, there is a general agreement that there are indeed differ-
ences between the two sexes before the adolescent growth
spurt. However, this sexual dimorphism is minor when com-
pared to adults and therefore it will be more difﬁcult to con-
clude the sex of younger individuals.7,8
To obtain an age at death, it is essential to understand the
normal pattern of growth and maturation of every skeletal ele-
ment and to develop their respective growth models.9
Many previous studies have been attempted to focus on
postnatal ontogeny of bones (from birth to adult age) in order
to determine age and sex. These studies have been carried out
on the sacrum,10 femur,11 tibia,12 scapula13 and innominate.14–
17 Despite these numerous studies, there is a serious lack of
information regarding the development of many bones of the
human skeleton based on metric measurements in the Egyptian
population.
The scapula forms the posterior part of the shoulder girdle.
It is a large, ﬂat triangular bone, with costal and dorsal sur-
faces, three borders (superior, axillary and vertebral), three
angles (medial, inferior and lateral) and three processes, the
spine, its continuation the acromion and the coracoid
process.18
The cartilaginous scapula is ossiﬁed from seven or more
centers. At birth, the body and the spine are already ossiﬁed,
but not the coracoid process, glenoid, acromion, vertebral bor-
der or inferior angle. The coracoid process has two and occa-
sionally three centers of ossiﬁcation. The ﬁrst center appears
during the ﬁrst year of life in the center of the coracoid process.
The second ossiﬁcation center appears at approximately
10 years of age at the base of the coracoid process. This secondossiﬁcation nucleus also contributes to the formation of the
superior portion of the glenoid cavity. The two centers unite
with the scapula at 15 years of age. A third center can appear
at the tip of the coracoid process during puberty and occasion-
ally fail to fuse with the coracoid.19
The acromion has two ossiﬁcation centers (may be three) as
well. These centers arise during puberty and fuse together at
the age of 22 years. The glenoid fossa has two ossiﬁcation cen-
ters; the ﬁrst appears at the base of the coracoid process at
10 years and fuses around 15 years of age. It also contributes
to the superior portion of the glenoid cavity and the base of
the coracoid process, while, the second horse shoe-shaped
center arises from the inferior portion of the glenoid during
puberty, and it forms the lower three fourths of the glenoid.
The vertebral border and the inferior angle of the scapula have
one ossiﬁcation center each, both of which appear at puberty
and fuse at 22 years of age.19
In recent years, forensic radiology has experienced intensive
and rapid progress that is supported by the development of
clinical radiology.20 Virtual anthropology (VA) is best charac-
terized as a multidisciplinary approach to study anatomical
data representations in 3D. It is a fundamental tool for anthro-
pological analysis, which allows researchers to deal with prob-
lems that could not be solved using traditional anthropological
approaches without compromising the integrity of the physical
remains.21
Since studies conducted on immature bones are scanty with
some even outdated, the purpose of this study is to analyze the
changes that accompany the postnatal growth of the scapula
by means of well-known thirteen measurements commonly
used for assessment among a sample of the Egyptian popula-
tion of a young age range, evaluating their signiﬁcance and
capacity for age and sex determination during bone develop-
ment using reconstructed CT images.
2. Subjects and methods
2.1. Subjects
The current study enrolled 162 Egyptian patients (83 males
and 79 females), who were referred to the Radiodiagnosis
and Intervention Department, Faculty of Medicine, Alexan-
dria University for Multidetector Computed Tomography
(MDCT) of the chest as part of their clinical workup other
than anthropological.
Detailed biographic data including name and date of birth
were obtained from every patient.
In order to cover the entire growth period of the scapula up
to its whole fusion, the studied individuals were designated in
the age range from zero to 25 years, where measurements were
executed on the left scapula.
The following exclusion criteria were applied to ensure nor-
mal bone evaluation including skeletal immaturity, scapular
58 F.M.M. Badr El Dine, H.H.M. Hassanfractures and pathological lesions such as congenital
developmental dysplasia, metabolic bone diseases, surgery or
tumors.2.2. MDCT protocol for image acquisition
CT studies were performed using a 16-detector CT scanner
(Bright Speed; GE Medical Systems) in Alexandria University
Hospital. Scanning along the axial plane of the entire left sca-
pula as part of the chest protocol was performed using the fol-
lowing parameters: 120 kVp, the mAs has been adjusted to the
body weight of the child: ranging from 20 to 100, a helical
pitch of 1:375, 0.5 s scan time, 16 · 1.25 mm detector conﬁgu-
ration, 13.75 s total exposure time, 1.25 mm helical slice thick-
ness, and 0.612 mm reconstruction interval with a large ﬁeld of
view (FOV). The images were reconstructed using a bone algo-
rithm. The protocol used for scan acquisitions was identical forFigure 1 3D-volume rendered reconstructions of the Multidetector
scapula: maximum scapular height (length) 1, scapular breadth (width
glenoid cavity height 5, glenoid cavity breadth 6, maximum length of
and thickness of the lateral border 10.all patients to avoid technical variations in length and volume
measurements.
2.3. Reconstruction and post-processing considerations
2.3.1. 1-Two-dimensional reconstruction
Multi-planar reformatted (MPR) images were obtained in
both sagittal and coronal planes through the entire left scapula
with a section thickness of 1.2 mm, and a section reconstruc-
tion interval of 1.0 mm, where maximum intensity projection
(MIP) was performed to visualize the length of whole spine,
the acromial width as well as scapular width and length which
was again divided into supra- and infra-scapular portions.
2.3.2. Three-dimensional reconstruction
Three-dimensional (3D) CT images were obtained using 3D
volume rendering technique. 3D reconstruction image of theCT slices from adult scapula. Dorsal, lateral and ventral views of
) 2, maximum length of the spine 3, maximum acromion width 4,
the glenoid mass 7, suprascapular height 8, infrascapular height 9
Study of scapula 59entire left scapula was performed using The Volume Viewer 3.1
which enables fast volumetric review of CT datasets. This soft-
ware creates a 3D volume of slice data that are displayed auto-
matically as volume-rendered (VR) view, and the
measurements were recalibrated, while further measurements
such as the glenoid fossa height and width were calculated.
The same radiologist performed all measurements adopting
the same scheme to avoid variation in measurement
acquisition.
Two- and three-dimensional models of the left scapula were
reconstructed in each subject and the thirteen measurements
agreed upon to be used in the determination of scapular mat-
uration were assessed in both models respectively and the aver-
age of the measurements were then taken into consideration to
ensure exclusion of reader’s variability in data collection.Figure 2 3D-volume rendered reconstructions of the Multidetector C
of scapula: maximum scapular height (length) 1, scapular breadth (widt
glenoid cavity height 5, glenoid cavity breadth 6, maximum length of
and thickness of the lateral border 10.2.4. Deﬁnitions of the measurements
All the measurements on virtual skeletons were obtained in
centimeters.
(1) Maximum scapular length (height): Maximum distance
between the highest point of the superior angle and the
lowest point of the inferior angle.22
(2) Scapular breadth (width): From the middle of the dorsal
border of the glenoid fossa to the end of the spinal axis
on the vertebral border.22
(3) Maximum length of the spine: From the medial margin
of the scapula at the spinous axis to the most lateral
point on the scapular spine.22T slices from 12 year old scapula. Dorsal, lateral and ventral views
h) 2, maximum length of the spine 3, maximum acromion width 4,
the glenoid mass 7, suprascapular height 8, infrascapular height 9
60 F.M.M. Badr El Dine, H.H.M. Hassan(4) Maximum acromion width: Distance between the most
superior and the inferior point of the acromion process
(the axis of this measurement varies from individual to
individual).23
(5) Glenoid cavity height: Maximum distance from the
superior margin of the glenoid prominence to the infe-
rior margin of the glenoid prominence.24
(6) Glenoid cavity breadth: Maximum distance across gle-
noid cavity measured perpendicularly to axis of glenoid
cavity height.24
(7) Maximum length of the glenoid mass: The distance
between the superior border of the articulation site for
the coracoid process and the inferior border of the gle-
noid surface.13
(8) The suprascapular height: The distance between the
point at which the axis of the spine intersects the medial
border of the scapula to the superior angle.13Figure 3 3D-volume rendered reconstructions of the Multidetector C
of scapula: maximum scapular height (length) 1, scapular breadth (wid
glenoid cavity height 5, glenoid cavity breadth 6, maximum length of
and thickness of the lateral border 10.(9) The infrascapular height: The distance between the
point at which the axis of the spine intersects the medial
border of the scapula to the inferior angle.13
(10) Thickness of the lateral border: Thickness of the border
at the midpoint between the inferior margin of the gle-
noid prominence and the inferior angle. The measure-
ment should be taken perpendicular to the scapular
body.22
(11) The scapular index: It is the percentage ratio between
scapular width and the scapular length.
(12) Glenoid index: It is the percentage ratio between the
Glenoid cavity breadth and the Glenoid cavity height.
(13) Supra-infra scapular index: It is the percentage ratio
between supra scapular and infrascapular heights.
The measurements used in the present study are illustrated
in Figs. 1–3.T slices from 3 years old scapula. Dorsal, lateral and ventral views
th) 2, maximum length of the spine 3, maximum acromion width 4,
the glenoid mass 7, suprascapular height 8, infrascapular height 9
Table 1 Descriptive statistics of the studied sample by means
of age.
Age (years) Male (n= 83) Female (n= 79) Total (n= 162)
n % n % n %
<2 13 15.7 4 5.1 17 10.5
2 6 7.2 7 8.9 13 8.0
4 8 9.6 8 10.1 16 9.9
6 4 4.8 4 5.1 8 4.9
8 3 3.6 2 2.5 5 3.1
10 12 14.5 11 13.9 23 14.2
12 6 7.2 9 11.4 15 9.3
14 6 7.2 6 7.6 12 7.4
16 9 10.8 10 12.6 19 11.7
18 5 6.0 7 8.9 12 7.4
20 1 1.3 4 5.1 5 3.1
22–25 10 12.0 7 8.9 17 10.5
Range 0.17–25.00 4.0–25.0 0.17–25.0
Mean 13.98 13.67 13.83
S.D. 7.58 6.82 7.20
p 0.716
S.D.: standard deviation.
p value was signiﬁcant when p 6 0.05.
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The sample was divided using 2 year intervals to study the
active growth period.
The collected data were analyzed using Statistical Package
for Social Sciences (SPSS version 20) software.
 The means, standard deviations and standard errors for
each scapular variable in each age group were calculated.
Student’s t-test was applied to each age category in order
to attain an initial approximation of sexual dimorphism
for any variable. The level of signiﬁcance was set at p
value 6 0.05. In addition the 95% conﬁdence interval of
the mean values was computed.
 Kruskal–Wallis Test (nonparametric tests algorithms) was
used to compare different age groups as regards the growth
pattern of the scapula.
 The analysis of the growth behavior of each of the variables
of the two sexual series was performed using the ﬁrst-degree
polynomial regression treating age as continuous.
 The best statistical model was selected on the basis of three
factors:
1. The strength of the correlation coefﬁcient (R2)
2. The signiﬁcance of the function expressed by the F value
3. The signiﬁcance of the coefﬁcients of the function obtained
by the ANOVA test.
 To predict age from the variables, the backward liner
regression analysis was performed in which individual vari-
ables were considered as independent variables and the age
was the dependent variable. Equations were calculated for
both sexes separately after the age of sixteen years, but in
the individuals below the age of 16 years calculus was
applied to the whole data (males and females together).
This latter case is helpful in the application of the results
in archeological and anthropological remains when the
sex is unknown.
3. Results
Age and sex distribution of the studied subjects are shown in
Table 1.
All the studied variables showed signiﬁcant differences
between different age groups (Table 2).
To estimate if the individual is still growing (growth spurt)
or not (slow growth pattern in adult) the growth behavior of
four selected measurements were studied by a curve (Fig. 4).
16 years of age was chosen, as the growth of the analyzed vari-
ables starts to slow down.
However, the increase in the growth of all variables contin-
ues until 25 years of age for both males and females. The big-
gest growth was noted in the age group of 10–14 years and
continued until 16 years indicating the presence of the growth
spurt.
Table 3 represents descriptive statistics of the measured
scapular variables classiﬁed according to each age group and
sex; regarding the mean, standard deviation, standard errors
and 95% conﬁdence interval for the mean. Sexual difference
by Student’s t-test was applied to each age group.
Table 4 illustrates that a signiﬁcant positive correlation was
present between the measured scapular variables and the age.However, the glenoid index, glenoid cavity breadth, scapular
breadth, maximum acromion breadth, maximum scapular
length and the maximum length of the glenoid mass revealed
very strong positive correlation with age, with r> 0.90.
For the sake of clarity, the variables were discussed sepa-
rately as follows:
3.1. Maximum scapular length and breadth
In the age below 6 years, the female maximum scapular length
exceeded the male value, yet the difference was not statistically
signiﬁcant. Starting from 6 years, the male and female values
were very close but still the males showed higher mean values.
From 12 years onward, a signiﬁcant difference was noticed
between both sexes (Table 3 and Fig. 5). The explained vari-
ability was 84% for sub-adult group, 54% and 57% for adult
males and females, respectively (Tables 5 and 6).
The beginning of the growth spurt for scapular length
dimension was at shortly after 10 years of age in females
(12–15 years) and delayed in males (16–20 years). Given the
present data, it was not possible to be more precise (Fig. 5).
As regards the scapular breadth, females had larger mean
values than males in the age groups below 4 years (Table 3).
In the ﬁtted curve (Fig. 6), the values of males and females
were close to each other, the gap between the two curves
became smaller as age increased, but still the male values were
higher than those of females, with statistically signiﬁcant dif-
ferences at the age of 16 years onward.
On the other hand, the value of the scapular index reached
its peak at the age groups 12–14 years, and then started to
decrease, due to the fast rate of growth of scapular breadth
than scapular height (Table 2).
Fig. 7 demonstrates that below 12 years of age, the value of
the male scapular index was slightly greater than that of
female, then starting from 12 years to 16 years approximately,
the female value exceeded the male value; this could be
Table 2 Relation between age groups and different variables.
Variables Age (years) Mean S.D. SEE 95% conﬁdence interval for
mean
Min. Max. F p
Lower bound Upper bound
Maximum scapular length (height) <2 7.45 1.52 0.369 6.67 8.23 4.89 8.84 76.228 0.001*
2 7.87 0.95 0.263 7.30 8.45 4.89 8.84
4 8.79 0.40 0.099 8.58 9.01 7.90 9.45
6 9.42 0.40 0.139 9.09 9.76 8.90 10.00
8 10.36 0.31 0.140 9.97 10.75 10.10 10.90
10 10.36 0.31 0.064 10.21 10.47 10.10 10.90
12 11.07 0.14 0.037 10.10 11.15 10.90 11.30
14 11.10 0.15 0.042 11.0 11.19 10.90 11.30
16 12.60 1.06 0.242 12.09 13.11 11.43 14.10
18 12.60 1.11 0.321 11.88 13.29 11.43 14.10
20 12.61 1.23 0.552 11.08 14.14 11.67 14.70
22–25 14.11 1.35 0.327 13.42 14.80 12.33 16.10
Total 10.66 2.25 0.176 10.32 11.01 4.89 16.10
Scapular breadth (width) <2 5.10 1.35 0.328 4.40 5.79 2.88 6.48 108.227 0.001*
2 5.29 0.83 0.229 4.79 5.78 2.88 6.48
4 6.68 0.62 0.155 6.35 7.01 5.80 7.90
6 7.45 0.40 0.143 7.11 7.79 6.90 7.90
8 8.56 0.26 0.117 8.24 8.88 8.30 9.00
10 8.56 0.26 0.054 8.43 8.66 8.30 9.00
12 9.27 0.33 0.085 9.08 9.45 8.90 9.70
14 9.27 0.34 0.099 9.03 9.47 8.90 9.70
16 10.16 0.94 0.215 9.71 10.61 9.19 11.46
18 10.00 0.86 0.248 9.45 10.55 9.19 11.46
20 10.17 0.67 0.301 9.11 10.79 9.21 10.90
22–25 11.36 0.58 0.141 11.06 11.66 10.00 12.40
Total 8.44 2.11 0.166 8.11 8.77 2.88 12.40
Maximum length of spine <2 6.25 1.89 0.459 5.28 7.23 3.02 7.90 84.645 0.001*
2 6.96 1.24 0.345 6.21 7.71 3.02 7.90
4 7.98 0.39 0.097 7.77 8.19 7.40 8.67
6 8.63 0.52 0.183 8.20 9.07 7.90 9.20
8 9.34 0.19 0.087 9.10 9.58 9.10 9.60
10 9.29 0.19 0.041 9.21 9.37 9.10 9.60
12 10.77 0.31 0.079 10.60 10.94 10.30 11.10
14 10.73 0.33 0.096 10.52 10.94 10.30 11.10
16 12.16 0.99 0.227 11.69 12.64 11.21 13.40
18 11.97 0.87 0.251 11.42 12.52 11.20 13.40
20 11.91 0.64 0.287 11.12 12.70 11.30 12.90
22–25 13.15 0.99 0.242 12.64 13.66 12.03 14.90
Total 9.89 2.38 0.187 9.52 10.26 3.02 14.90
Maximum acromion width <2 1.60 0.66 0.161 1.26 1.94 0.52 2.20 54.682 0.001*
2 1.77 0.49 0.137 1.47 2.07 0.52 2.20
4 2.44 0.36 0.090 2.25 2.63 1.87 2.90
6 2.80 0.23 0.083 2.60 2.99 2.50 3.10
8 3.04 0.09 0.040 2.93 3.15 3.00 3.20
10 3.04 0.08 0.017 3.01 3.08 3.00 3.20
12 3.29 0.17 0.043 3.20 3.38 3.10 3.50
14 3.32 0.16 0.047 3.21 3.42 3.10 3.50
16 3.19 0.26 0.059 3.07 3.31 2.93 3.57
18 3.10 0.26 0.067 2.93 3.27 2.79 3.57
20 3.23 0.47 0.210 2.65 3.82 2.80 3.90
22–25 3.82 0.31 0.075 3.66 3.98 3.34 4.46
Total 2.87 0.74 0.058 2.76 2.99 0.52 4.46
Glenoid cavity height <2 2.02 0.44 0.106 1.79 2.24 1.27 2.40 42.268 0.001*
2 2.17 0.29 0.081 1.99 2.35 1.27 2.40
4 2.67 0.24 0.059 2.54 2.79 2.20 2.95
6 2.79 0.32 0.114 2.52 3.06 2.00 3.00
8 2.90 0.12 0.055 2.75 3.05 2.80 3.10
10 2.88 0.12 0.026 2.83 2.93 2.80 3.10
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Table 2 (continued)
Variables Age (years) Mean S.D. SEE 95% conﬁdence interval for
mean
Min. Max. F p
Lower bound Upper bound
12 2.83 0.27 0.069 2.68 2.98 2.48 3.20
14 2.88 0.27 0.079 2.71 3.06 2.48 3.20
16 3.17 0.42 0.098 2.97 3.38 2.78 3.90
18 3.25 0.46 0.133 2.96 3.54 2.78 3.96
20 3.51 0.29 0.129 3.16 3.87 3.21 3.90
22–25 4.12 0.40 0.098 3.91 4.32 3.21 4.79
Total 2.92 0.65 0.051 2.81 3.02 1.27 4.79
Glenoid cavity breadth <2 1.63 0.56 0.136 1.34 1.92 0.67 2.19 12.482 0.001*
2 1.83 0.38 0.107 1.59 2.06 0.67 2.19
4 1.89 0.09 0.025 1.84 1.95 1.70 2.10
6 2.01 0.08 0.028 1.94 2.07 1.90 2.10
8 2.22 0.08 0.035 2.12 2.31 2.10 2.32
10 2.20 0.08 0.017 2.16 2.24 2.10 2.32
12 2.36 0.16 0.042 2.27 2.45 2.17 2.60
14 2.38 0.16 0.046 2.28 2.48 2.17 2.60
16 2.34 0.40 0.093 2.15 2.53 1.86 2.90
18 2.23 0.31 0.089 2.03 3.43 1.86 2.90
20 2.39 0.07 0.034 2.00 2.19 1.97 2.16
22–25 2.57 0.31 0.076 2.40 2.73 2.07 3.10
Total 2.15 0.39 0.031 2.09 2.21 0.67 3.10
Maximum length of the glenoid mass <2 2.18 0.27 0.067 2.04 2.32 1.89 2.75 168.857 0.001*
2 2.27 0.30 0.083 2.09 2.45 1.89 2.75
4 2.59 0.23 0.059 2.46 2.71 2.24 2.94
6 2.87 0.21 0.075 2.70 3.05 2.60 3.10
8 3.12 0.04 0.020 3.06 3.17 3.10 3.20
10 3.12 0.04 0.009 3.10 3.14 3.10 3.20
12 3.48 0.10 0.027 3.42 3.53 3.40 3.67
14 3.47 0.10 0.029 3.41 3.53 3.40 3.67
16 3.99 0.30 0.068 3.85 4.14 3.74 4.45
18 3.94 0.22 0.064 3.80 4.08 3.74 4.45
20 4.16 0.27 0.121 3.82 4.49 3.80 4.40
22–25 4.88 0.39 0.094 4.68 5.08 4.30 5.52
Total 3.33 0.84 0.066 3.20 3.46 1.89 5.52
Supra-scapular height <2 1.76 0.33 0.079 1.59 1.93 1.19 2.00 119.549 0.001*
2 1.88 0.22 0.059 1.75 2.01 1.19 2.00
4 2.12 0.28 0.071 1.97 2.27 1.76 2.60
6 2.45 0.41 0.144 2.11 2.79 1.90 2.90
8 2.88 0.23 0.102 2.60 3.16 2.60 3.10
10 2.78 0.18 0.038 2.70 2.86 2.60 3.10
12 3.26 0.19 0.049 3.15 3.36 3.10 3.52
14 3.25 0.19 0.056 3.13 3.38 3.10 3.52
16 4.02 0.36 0.084 3.85 4.20 3.60 4.65
18 4.09 0.37 0.107 3.86 4.33 3.60 4.65
20 4.19 0.34 0.152 3.77 4.62 4.00 4.80
22–25 5.11 0.75 0.182 4.73 5.50 4.00 6.15
Total 3.13 1.09 0.086 2.96 3.30 1.19 6.15
Infra-scapular height <2 6.09 1.51 0.367 5.32 6.87 3.59 7.40 81.583 0.001*
2 6.53 1.11 0.308 5.86 7.20 3.59 7.40
4 8.08 0.51 0.127 7.81 8.35 7.11 8.90
6 8.45 0.44 0.155 8.08 8.81 7.90 8.90
8 8.91 0.15 0.068 8.72 9.09 8.70 9.13
10 8.89 0.16 0.033 8.82 8.96 8.70 9.13
12 9.49 0.31 0.081 9.32 9.67 9.10 10.10
14 9.52 0.33 0.094 9.31 9.72 9.10 10.10
16 10.57 0.58 0.133 10.29 10.85 9.90 11.45
18 10.57 0.60 0.173 10.19 10.95 9.90 11.45
20 10.78 0.66 0.296 9.96 11.60 9.99 11.80
22–25 11.90 0.73 0.176 11.53 12.28 10.90 13.10
(continued on next page)
Study of scapula 63
Table 2 (continued)
Variables Age (years) Mean S.D. SEE 95% conﬁdence interval for
mean
Min. Max. F p
Lower bound Upper bound
Total 9.10 1.86 0.146 8.81 9.39 3.59 13.10
Thickness of the lateral border <2 0.30 0.04 0.093 0.28 0.32 0.25 0.37 27.394 0.001*
2 0.31 0.04 0.011 0.29 0.33 0.25 0.37
4 0.32 0.02 0.063 0.31 0.33 0.27 0.36
6 0.31 0.02 0.063 0.29 0.32 0.28 0.33
8 0.35 0.01 0.045 0.34 0.36 0.34 0.36
10 0.35 0.01 0.016 0.35 0.36 0.34 0.36
12 0.33 0.01 0.037 0.32 0.34 0.31 0.34
14 0.33 0.01 0.042 0.32 0.34 0.31 0.34
16 0.33 0.02 0.057 0.32 0.34 0.30 0.36
18 0.34 0.03 0.075 0.32 0.35 0.30 0.38
20 0.35 0.02 0.086 0.32 0.37 0.32 0.37
22–25 0.46 0.06 0.016 0.43 0.49 0.35 0.59
Total 0.34 0.05 0.043 0.33 0.35 0.25 0.59
Scapular index <2 0.67 0.06 0.016 0.64 0.71 0.59 0.76 29.141 0.001*
2 0.67 0.05 0.015 0.64 0.70 0.50 0.76
4 0.76 0.05 0.013 0.73 0.79 0.68 0.86
6 0.79 0.03 0.012 0.76 0.82 0.73 0.84
8 0.83 0.004 0.002 0.82 0.83 0.82 0.83
10 0.83 0.004 0.001 0.82 0.83 0.82 0.83
12 0.84 0.03 0.008 0.82 0.85 0.80 0.87
14 0.83 0.03 0.009 0.81 0.85 0.80 0.87
16 0.81 0.02 0.006 0.79 0.82 0.78 0.86
18 0.80 0.02 0.007 0.78 0.81 0.75 0.86
20 0.79 0.03 0.014 0.75 0.83 0.74 0.81
22–25 0.81 0.06 0.014 0.78 0.84 0.75 0.91
Total 0.78 0.07 0.005 0.77 0.79 0.59 0.91
Glenoid index <2 0.78 0.16 0.039 0.70 0.86 0.53 0.98 5.800 0.001*
2 0.83 0.12 0.035 0.76 0.91 0.53 0.98
4 0.72 0.06 0.016 0.68 0.75 0.62 0.84
6 0.73 0.11 0.039 0.64 0.83 0.66 1.00
8 0.75 0.03 0.014 0.71 0.79 0.70 0.78
10 0.75 0.03 0.007 0.73 0.76 0.70 0.78
12 0.84 0.07 0.018 0.80 0.88 0.77 0.94
14 0.83 0.07 0.019 0.79 0.87 0.77 0.94
16 0.75 0.16 0.036 0.68 0.83 0.48 0.91
18 0.70 0.15 0.043 0.61 0.80 0.48 0.91
20 0.60 0.06 0.026 0.53 0.68 0.54 0.67
22–25 0.63 0.07 0.017 0.59 0.66 0.49 0.75
Total 0.75 0.12 0.096 0.73 0.77 0.48 1.00
Supra-infra-scapular index <2 0.29 0.03 0.083 0.27 0.31 0.26 0.35 2.315 0.012*
2 0.29 0.04 0.011 0.27 0.31 0.26 0.35
4 0.26 0.02 0.006 0.25 0.27 0.22 0.31
6 0.29 0.03 0.012 0.26 0.32 0.24 0.32
8 0.32 0.02 0.011 0.29 0.35 0.30 0.35
10 0.31 0.02 0.004 0.30 0.32 0.30 0.35
12 0.68 0.89 0.231 0.18 1.18 0.33 2.89
14 0.76 0.99 0.286 0.13 1.39 0.33 2.89
16 0.38 0.01 0.003 0.37 0.39 0.36 0.40
18 0.38 0.02 0.005 0.37 0.30 0.36 0.40
20 0.39 0.01 0.007 0.37 0.41 0.37 0.41
22–25 0.43 0.06 0.015 0.39 0.46 0.35 0.56
Total 0.40 0.40 0.031 0.34 0.46 0.22 2.89
S.D.: standard deviation, SEE: standard error of mean.
* p value was signiﬁcant when p 6 0.05.
64 F.M.M. Badr El Dine, H.H.M. Hassanexplained by the accelerated growth of the scapular width of
females more than the scapular height while in males, the
growth of scapular height was more prominent than thebreadth, which gave a relatively small scapular index. How-
ever, no signiﬁcant differences were detected between males
and females (Table 3).
Figure 4 Growth curves for maximum scapular length, suprascapular height, infrascapular height and the glenoid cavity height in the
studied sample.
Study of scapula 653.2. Measurements of the spine (maximum length of the spine
and maximum acromion width)
Length of the spine increased markedly in different age groups
(Table 2). In males, the peak of rapid growth of the spine
length was from 14 years to 19 years (Fig. 8). The explained
variability was 83% at age below 16 years, while in adult males
and females it was 43% and 44% respectively (Tables 5 and 6).
The female averages concerning the maximum length of the
spine and maximum acromion width were greater than male in
the age groups below 4 years, with a statistically signiﬁcant dif-
ference in the age group less than 2 years age, with p< 0.05
(Table 3).
The rate of growth of the acromion width was faster until
14 years of age; then the rate of growth pattern slowed until
25 years of age in both males and females (Table 2 and Fig. 9).
3.3. Glenoid region
Glenoid cavity height, breadth, and glenoid mass increased
until 25 years of age in both males and females (Table 3).
The rate of growth of the glenoid cavity height was similar
in both sexes starting from 15 years to 25 years. Overlap was
noticed between the two curves (Fig. 10).
The averages of the glenoid cavity length in females were
higher than in males in the age below 6 years (Table 3).
Signiﬁcant differences were noticed between male and
female glenoid cavity length in the age groups (12–<14 years
and 14 to less than 16 years) (Table 3).
Fig. 11 shows the growth behavior of the glenoid cavity
breadth; female values became more or less stabilized after
age 10 years. No sexual differences detected between both
sexes (Table 3).
The glenoid index displayed variation in growth; it
decreased for the ﬁrst time in the age group 4–12 years and
the second time from 16 to 25 years (Table 2).
Growth of glenoid index expressed by ﬁrst-degree polyno-
mial in both sexes (Fig. 12) revealed that the feminine averagewas more than masculine below the age of 8 years indicating a
rapid growth of the glenoid cavity breadth in females than gle-
noid height at young age. Starting from that age onward, mas-
culine glenoid index coincided and then exceeded the female
values at adult age.
The length of the glenoid mass increased obviously at the
age of puberty by growth of bone and fusion of the coracoid
process with the scapular body, a similar growth pattern with
an overlap was noted in both sexes (Fig. 13). The variability
expressed was 86% for the maximum length of the glenoid
mass in sub-adult group (less than 16 years old), while this
value dropped in adult group (Tables 5 and 6).
3.4. The suprascapular, infrascapular height and the supra-
infrascapular index
The suprascapular height in females exceeded that in males at
the ages 0–4 years, and again around the age of puberty in
females (12–16 years) (Fig. 14). A statistically signiﬁcant differ-
ence was revealed between both sexes in the age groups:
<2 years, 16 to less than 18 years, and 22–25 years (Table 3).
On the other hand, the growth of the infrascapular height
in females was noticeably greater than that of males at the
age below 4 years, with statistically signiﬁcant difference of
p< 0.05. Table 3 then acceleration of the growth of this vari-
able in males exceeded that in females with a signiﬁcant differ-
ence in the age groups 16–<18 years and 18 to less than
20 years (Fig. 15).
In addition, the age of 12–16 years represented the peak of
supra-infra scapular index values (0.68, 0.76). A statistically
signiﬁcant difference between both sexes was recorded in the
age groups from 14 to less than 20 years (Table 3 and Fig. 16).
3.5. Thickness of the lateral border
Fig. 17 reveals that the average in both sexes were very close,
with a signiﬁcant difference detected in the age group 16–
<18 years (Table 3).
Table 3 Descriptive statistics of the measured variables classiﬁed according to each age group and sex.
Age
(years)
Sex Maximum
scapular
length
Scapular
breadth
Maximum
length of
spine
Maximum
acromion
width
Glenoid
cavity
length
Glenoid
cavity
breadth
Maximum
length of
glenoid mass
Supra
scapular
height
Infra
scapular
height
Thickness of
the lateral
border
Scapular
index
Glenoid
index
Supra-
infra
scapular
index
<2 Male Mean 7.29 5.03 5.92 1.45 1.94 1.56 2.20 1.71 5.76 0.30 0.68 0.77 0.30
S.D. 1.72 1.55 2.05 0.69 0.47 0.63 0.31 0.36 1.58 0.04 0.07 0.18 0.04
Female Mean 7.34 5.33 7.33 2.01 2.20 1.85 2.34 1.94 7.20 0.30 0.67 0.82 0.26
S.D. 0.26 0.32 0.51 0.10 0.15 0.07 0.11 0.06 0.24 0.02 0.06 0.07 0.01
p Mean >0.05 >0.05 <0.05* <0.05* >0.05 >0.05 >0.05 <0.05* <0.05* >0.05 >0.05 >0.05 >0.05
2 Male Mean 7.79 5.24 6.35 1.43 2.11 1.83 2.45 1.85 5.83 0.33 0.67 0.84 0.32
S.D. 1.44 1.23 1.63 0.56 0.42 0.59 0.36 0.33 1.35 0.05 0.05 0.18 0.04
Female Mean 7.95 5.33 7.49 2.07 2.23 1.93 2.39 1.91 7.23 0.30 0.67 0.83 0.27
S.D. 0.24 0.33 0.42 0.11 0.13 0.08 0.09 0.05 0.21 0.02 0.06 0.07 0.01
p Mean >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05* >0.05 >0.05 >0.05 >0.05
4 Male Mean 9.07 7.17 8.26 2.76 2.38 1.97 2.76 2.36 8.50 0.34 0.79 0.71 0.33
S.D. 0.26 0.30 0.24 0.08 0.07 0.07 0.09 0.15 0.26 0.02 0.04 0.03 0.02
Female Mean 8.52 6.19 7.70 2.13 2.56 1.95 2.62 1.88 7.66 0.31 0.73 0.72 0.28
S.D. 0.32 0.42 0.29 0.22 0.30 0.07 0.21 0.14 0.29 0.02 0.04 0.09 0.02
p Mean >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
6 Male Mean 9.70 7.75 9.05 3.00 2.90 2.02 3.05 2.80 8.85 0.32 0.80 0.70 0.33
S.D. 0.35 0.17 0.17 0.12 0.00 0.09 0.06 0.12 0.06 0.01 0.01 0.03 0.01
Female Mean 9.15 7.15 8.22 2.61 2.68 2.00 2.70 2.10 8.05 0.30 0.78 0.77 0.29
S.D. 0.21 0.33 0.36 0.11 0.46 0.08 0.14 0.22 0.13 0.02 0.05 0.16 0.03
p Mean >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
8 Male Mean 10.50 8.67 9.47 3.07 2.97 2.26 3.13 3.03 8.90 0.35 0.83 0.76 0.34
S.D. 0.35 0.29 0.12 0.12 0.12 0.05 0.06 0.12 0.13 0.01 0.00 0.01 0.02
Female Mean 10.15 8.11 9.15 3.00 2.80 2.15 3.10 2.65 8.80 0.36 0.83 0.74 0.30
S.D. 0.07 0.14 0.07 0.00 0.00 0.07 0.00 0.07 0.14 0.01 0.01 0.06 0.00
p Mean >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
10 Male Mean 10.53 8.71 9.93 3.08 2.96 2.24 3.14 3.11 8.95 0.35 0.83 0.74 0.35
S.D. 0.33 0.26 0.17 0.10 0.13 0.09 0.05 0.20 0.18 0.01 0.00 0.03 0.02
Female Mean 10.14 8.37 9.14 3.00 2.80 2.16 3.10 2.66 8.83 0.38 0.82 0.75 0.35
S.D. 0.05 0.10 0.05 0.00 0.00 0.05 0.00 0.05 0.10 0.01 0.01 0.04 0.00
p Mean >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
12 Male Mean 11.23 9.17 10.57 3.23 3.13 2.47 3.43 3.23 9.63 0.34 0.82 0.78 0.48
S.D. 0.05 0.41 0.41 0.05 0.05 0.10 0.05 0.21 0.36 0.02 0.03 0.02 0.01
Female Mean 10.97 9.33 10.90 3.2 2.84 2.29 3.51 3.27 9.40 0.32 0.85 0.87 0.36
S.D. 0.05 0.26 0.09 0.15 0.12 0.16 0.12 0.19 0.26 0.01 0.02 0.07 0.01
p Mean <0.05* >0.05 >0.05 >0.05 <0.05* >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
14 Male Mean 11.23 9.17 10.57 3.30 3.13 2.47 3.43 3.23 9.63 0.34 0.82 0.78 0.5
S.D. 0.05 0.41 0.41 0.05 0.05 0.10 0.05 0.21 0.36 0.01 0.03 0.02 0.32
Female Mean 10.97 9.33 10.90 3.25 2.64 2.29 3.53 3.27 9.40 0.33 0.85 0.87 0.37
S.D. 0.05 0.27 0.09 0.15 0.13 0.16 0.13 0.20 0.27 0.01 0.02 0.07 0.01
p Mean <0.05* >0.05 >0.05 >0.05 <0.05* >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05*
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16 Male Mean 13.66 11.10 13.16 3.43 3.18 2.71 4.26 4.36 11.20 0.33 0.82 0.88 0.52
S.D. 0.31 0.27 0.26 0.14 0.22 0.22 0.22 0.18 0.23 0.02 0.03 0.02 0.00
Female Mean 11.65 9.32 11.26 3.31 3.26 2.00 3.76 3.72 10.08 0.34 0.80 0.64 0.39
S.D. 0.19 0.11 0.05 0.04 0.55 0.12 0.03 0.15 0.23 0.03 0.00 0.13 0.01
p Mean <0.05* <0.05* >0.05 >0.05 >0.05 >0.05 <0.05* <0.05* <0.05* <0.05* >0.05 <0.05* <0.05*
18 Male Mean 13.82 10.94 12.93 3.56 3.22 2.77 4.32 4.43 11.18 0.33 0.79 0.81 0.53
S.D. 0.33 0.38 0.32 0.16 0.5 0.27 0.24 0.20 0.28 0.02 0.04 0.13 0.01
Female Mean 11.71 9.33 11.29 3.33 3.31 2.03 3.81 3.85 10.14 0.35 0.80 0.63 0.4
S.D. 0.13 0.1 0.07 0.1 0.46 0.10 0.08 0.24 0.28 0.03 0.01 0.11 0.02
p Mean <0.05* <0.05* <0.05* >0.05 >0.05 >0.05 <0.05* >0.05 <0.05* >0.05 >0.05 <0.05* <0.05*
20 Male Mean 14.7 10.90 12.90 3.9 3.9 2.81 4.4 4.80 11.8 0.37 0.74 0.54 0.55
S.D. – – – – – – – – – – – – –
Female Mean 12.09 9.71 11.66 3.41 3.42 2.10 4.1 4.05 10.53 0.34 0.80 0.62 0.42
S.D. 0.45 0.47 0.37 0.33 0.22 0.09 0.27 0.05 0.39 0.02 0.02 0.06 0.01
p Mean >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
22–25 Male Mean 15.13 11.64 13.83 3.96 4.19 2.69 4.85 5.58 11.87 0.47 0.77 0.64 0.52
S.D. 0.62 0.36 0.73 0.33 0.41 0.29 0.43 0.58 0.83 0.07 0.02 0.07 0.04
Female Mean 12.65 10.96 12.19 3.63 4.02 2.40 4.93 4.44 11.95 0.45 0.86 0.60 0.43
S.D. 0.20 0.63 0.18 0.12 0.40 0.29 0.34 0.31 0.62 0.05 0.05 0.08 0.02
p Mean <0.05* <0.05* <0.05* >0.05 >0.05 >0.05 >0.05 <0.05* >0.05 >0.05 >0.05 >0.05 >0.05
* p value was signiﬁcant when p 6 0.05.
S
tu
d
y
o
f
sca
p
u
la
6
7
Table 4 Pearson’s correlation between different measure-
ments of the scapula and age.
Variables Age
Maximum scapular length R 0.910**
p 0.001
Scapular breadth (width) R 0.920**
p 0.001
Maximum length of the spine r 0.589**
p 0.001
Maximum acromion width r 0.912**
p 0.001
Glenoid cavity length r 0.820**
p 0.001
Glenoid cavity breadth r 0.933**
p 0.001
Maximum length of the glenoid mass r 0.908**
p 0.001
Suprascapular height r 0.157*
p 0.046
Infrascapular height r 0.822**
p 0.001
Thickness of the lateral border r 0.622**
p 0.001
Scapular index r 0.306**
p 0.001
Glenoid index r 0.949**
p 0.001
Supra-infrascapular index r 0.613**
p 0.001
r: Pearson coefﬁcient.
* p value was signiﬁcant when p 6 0.05.
** p value was highly signiﬁcant when p 6 0.001.
68 F.M.M. Badr El Dine, H.H.M. Hassan3.6. Age estimation from the scapula
The rate of growth for the measurements of the scapula was
useful for estimating the age in sub-adults using regression
equations of the absolute measurements of the scapula.Figure 5 Polynomial regression lines corresponding3.6.1. Age estimation of sub-adult Egyptians (Table 5)
For the prediction of age at death, the regression equations
using the scapular index, thickness of the lateral border and
the maximum length of the glenoid mass each separately
proved to give the highest accuracies (71.2%, 66.3% and
65.2%, respectively). The R2 for these equations were 0.69,
0.64 and 0.87, respectively, with SEE of 0.982, 1.821 and
0.982 years correspondingly. The highest values of SEE were
recorded in the regression equations using the supra-infra
scapular index (2.332) followed by the glenoid cavity length
(2.073). On the other hand, the regression equation using the
scapular index yielded the lowest SEE in the sub adult group
(0.981).
3.6.2. Age estimation of adult Egyptians (Table 6)
After 16 years of age and with the development of sexual
dimorphism, separate equations were calculated for each sex;
the accuracies obtained from the different variables were lower
in males than in females, except that of the scapular index.
For age estimation in adult males, the regression equations
applied to the thickness of the lateral border, maximum length
of the glenoid mass and the suprascapular height yielded the
highest accuracies (66.3%, 65.2% and 65%, respectively), with
SEE of 2.068, 2.221 and 2.648 correspondingly while in
females, the glenoid cavity width, maximum length of the gle-
noid mass and the maximum acromion width offered the high-
est equation accuracies (84%, 81.6% and 80.9%, respectively).
The equations that detected age from the maximum acro-
mion width had the highest values of SEE in males (3.109)
years and in females (3.084 years) while, the regression equa-
tions using the scapular index produced the lowest SEE
1.257 in adult males and 1.257 in adult females.
4. Discussion
In forensic sciences to determine one’s sex is quite important
during the identity deﬁning stage, in addition, the ability toto maximum scapular length in male and female.
Table 5 Regression equations estimating age of individuals up to 16 years.
No. Up to 16 years of age R2 Accuracy (%) SEE
1 Age = 2.79 · maximum scapular length  17.730 0.84 48.8 1.365
2 Age = 2.509 · scapular breadth  9.884 0.88 55.5 1.522
3 Age = 2.375 ·maximum length of the spine  11.776 0.834 52.6 1.061
4 Age = 5.493 ·maximum acromion width  5.668 0.74 49.0 0.983
5 Age = 7.209 · glenoid cavity length  10.735 0.63 62.8 2.073
6 Age = 9.539 · glenoid cavity breadth  10.757 0.58 64.6 1.363
7 Age = 8.374 ·maximum length of the glenoid mass  15.179 0.87 65.2 0.981
8 Age = 6.994 · suprascapular height  8.807 0.87 65.0 1.201
9 Age = 2.72 · infrascapular height  13.489 0.71 56.9 1.322
10 Age = 80. 889 · thickness of lateral border  18.16 0.64 66.3 1.821
11 Age = 49.65 · scapular index  29.628 0.69 71.2 0.981
12 Age = 6.965 · glenoid index  14.11 0.14 41.2 2.013
13 Age = 70.655 · supra-infrascapular index  12.50 0.39 45.2 2.332
R2 means coefﬁcient of correlation of the function, SEE: standard error of estimate.
Table 6 Regression equations estimating age of individuals more than 16 years
No Male R2 Accuracy
(%)
SEE Female R2 Accuracy
(%)
SEE
1 Age = 1.246 · maximum scapular
length + 4.345
0.54 49.1 2.168 Age = 1.225 · scapular length + 4.452 0.57 70.3 2.210
2 Age = 1.623 · scapular
breadth + 3.719
0.51 56.3 2.221 Age = 1.671 · scapular breadth + 3.72 0.50 72.6 2.301
3 Age = 1.342 · maximum length of the
spine + 4.06
0.43 53.1 1.982 Age = 1.412 · maximum length of the
spine + 4.11
0.44 78.3 2.068
4 Age = 4.954 · maximum acromion
width + 4.080
0.46 49.7 3.109 Age = 4.921 · maximum acromion
width + 4.017
0.46 80.9 3.084
5 Age = 4.151 · glenoid cavity
length + 6.217
0.54 62.6 1.981 Age = 4.13 · glenoid cavity
length + 6.115
0.46 77.3 1.912
6 Age = 2.356 · glenoid cavity
breadth + 15.397
0.62 64.9 2.107 Age = 2.321 · glenoid cavity
width + 15.31
0.52 84.0 2.011
7 Age = 4.451 · maximum length of the
glenoid mass + 1.425
0.51 65.2 2.221 Age = 4.561 · maximum length of the
glenoid mass + 1.413
0.46 81.6 2.223
8 Age = 2.896 · suprascapular
height + 8.048
0.52 65.0 2.648 Age = 2.825 · suprascapular
height + 8.025
0.53 75.6 2.652
9 Age = 2.407 · infrascapular
height  5.57
0.41 56.9 1.979 Age = 2.41 · infrascapular
height  5.36
0.56 73.1 1.981
10 Age = 29.11 · thickness of the lateral
border + 8.365
0.65 66.3 2.068 Age = 29.65 · thickness of the lateral
border + 8.914
0.61 77.6 2.068
11 Age = 15.69 · scapular index + 15.69 0.23 41.5 1.257 Age = 16.11 · scapular index  32.99 0.18 40.8 1.257
12 Age = 21.599 · glenoid index  36.663 0.26 40.6 1.481 Age = 2.125 · glenoid index  21.758 0.31 51.9 1.483
13 Age = 6.12 · supra-infrascapular
index + 36.93
0.34 46.8 1.621 Age = 6.07 · supra-infrascapular
index + 37.11
0.30 55.7 1.622
R2 means coefﬁcient of correlation of the function, SEE: standard error of estimate.
Study of scapula 69assign accurate age estimates to cadavers, human remains or
living individual is becoming an increasingly important ele-
ment of forensic practice.25
In the last decade, there has been a growing trend toward
computerized or virtual methodologies.26 CT scan is the most
accurate radiographic technique for the study of bone mor-
phometry. In addition, a skeletal measurement method based
on CT scan images could be standardized because the anatom-
ical landmarks are easy to locate. Notably CT has become an
important adjunct to autopsy. The main advantages of CT are
the non-invasive and observer’s independent documentation of
forensically relevant ﬁndings, permanent data storage and
excellent means of visualization.27There is a general lack of studies based on sex assignment
and age estimation from the developing scapula. Therefore,
the aim of this study was to analyze several growth variables
in the scapula among a sample of the Egyptian population
(from birth until 25 years of age), in order to evaluate their sig-
niﬁcance and capacity for age estimation and sex determina-
tion through application of the different offered post-
processed MDCT images with reconstructed 3D CT images
being the highlight of the study.
Comparing this study’s results with other published data is
beneﬁcial to assess population variation in bone maturity, by
identifying differences or similarities in the timings of full
development of bone.28
Figure 6 Polynomial regression lines for scapular breadth in male and female.
Figure 7 Polynomial regression lines for scapular index in male and female.
70 F.M.M. Badr El Dine, H.H.M. HassanIn the study conducted by Rissech et al.13 on the scapula
from documented skeletal material, the age of the sample
extended only until 19 years of age, hence, it was impossible
to predict the timing of growth cessation. To overcome this
problem the age of the studied individuals has been extended
to include the age of 25 years in the current work. The subjects
were classiﬁed into age groups of 2 year interval except for the
last group (3 year interval) for better analysis.
In the present study, the growth of all variables continues
until 25 years of age in both sexes, this supports the opinion
that the ﬂat bones (innominate bone) cease their growth later
than the long bones.29
A very strong positive correlation was detected in the present
study between age and glenoid index, glenoid cavity breadth,
scapular (breadth and length), maximum acromion breadthand the maximum length of the glenoid mass. This denotes that
the size of these variables increased obviously with age.
A dramatic increase in linear growth velocity, often
referred to as the pubertal growth spurt, is a central feature
of pubertal development. Currently, the prevalent growth of
the scapula was noted at the age of 10 and continuing until
18 years.
The growth pattern of the studied variables was represented
by ﬁrst-degree polynomial in both sexes. The obtained curves
have a good ﬁt and there is not a great deal of scatter.
Skeletal growth is a complex process that comprises a bio-
logical phenomenon deﬁned by hormones, whose function
depends primarily on genes and secondarily on environmental
inﬂuence, such as nutrition, differences in the occupational
stresses exposure, physical exercise and access to medical
Figure 8 Polynomial regression lines for maximum length of the spine in male and female.
Figure 9 Polynomial regression lines for maximum acromion width in male and female.
Study of scapula 71care.30 The major determinant of linear growth is genetic
predisposition. Both adult ﬁnal height and the rate of growth
are signiﬁcantly inﬂuenced by genetic factors. However,
recently the effect of physical activity and ﬁtness on linear
growth, especially among teenagers, has become a topic of
interest.31
A wide range of normal exists for the growth velocity, it
also depends on which percentile a child is growing.30
Puberty is a dynamic period of development with rapid
changes in body size, shape, and composition. The onset of
puberty corresponds to a speciﬁc biological age, as determined
by skeletal maturation. Puberty has a key role in bone develop-
ment. Skeletal mass approximately doubles at the end of
adolescence.32In addition, bone mineralization increases with age, height,
and weight throughout childhood, with a signiﬁcant gain dur-
ing pubertal development. The factors that contribute to the
pubertal increase in bone mass are not fully known, but a cru-
cial role belongs to the sex steroids. Several studies stated that
under the inﬂuence of testosterone, males have a signiﬁcant
increase in the growth of bone and muscle with a simultaneous
loss of fat in the limbs. The maximal loss of fat and increase in
muscle mass in the upper arms correspond to the time of peak
height velocity. Differential growth of the shoulder girdles
(consisting of the scapula and the clavicle with a variety of
muscles, which help to rotate, move and ﬂex the humerus) as
well as the hips and differences in lean tissue accrual between
males and females are also prominent.33,34
Figure 10 Polynomial regression lines for glenoid cavity height in male and female.
Figure 11 Polynomial regression lines for glenoid cavity breadth in male and female.
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muscles. The increase in the thickness of the lateral scapular
border with age is related to the growth in muscle bulks and
development.
4.1. Age estimation
Concerning age prediction in sub-adult group, the present
study showed that the accuracy of regression equations using
the scapular index, thickness of the lateral border and the max-
imum length of the glenoid mass solely were 71.2%, 66.3%
and 65.2%, respectively.
The variability expressed in the current work is 86% for the
maximum length of the glenoid mass, as similarly reported by
Rissech et al.13. However, the expressed variability for the
maximum length of the spine was 83% and 84% for the max-
imum scapular length, these results were slightly lower than
those of Rissech et al.’s13 2007 study.Different accuracies in researches could be attributed to the
different methodological approaches (osteometric or radiolog-
ical), racial and environmental factors or variation in sample
size.
For age estimation in adult males, several regression equa-
tions were developed using all the variables. However, the
thickness of the lateral border, maximum length of the glenoid
mass and the suprascapular height yield the highest accuracies
of 66.3%, 65.2% and 65%, respectively while in adult females,
the glenoid cavity width, maximum length of the glenoid mass
and the maximum acromion width gives the highest equations
accuracies (84%, 81.6% and 80.9%, respectively). One surpris-
ing ﬁnding is that none of the variables in adult males appear
in any equations with more than 80%.
The standard error of estimate SEE was calculated sepa-
rately for each regression formula of the age estimation. The
SEE tends to predict the deviation of estimated age from
actual age. A low value of SEE is indicative of the greater reli-
Figure 12 Polynomial regression lines for glenoid index in male and female.
Figure 13 Polynomial regression lines for maximum length of the glenoid mass in male and female.
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scapular index yield the lowest SEE in the subadult group
(0.981), in adult males (1.257), and adult females (1.257).
4.2. Sexual dimorphism
Statistically signiﬁcant difference was detected between males
and females in the age group less than 2 years of age as regards
maximum length of the spine, maximum acromion width,
supra and infrascapular height. The latter was also sexually
signiﬁcant in the age group 2 to <4 years. These ﬁndings sup-
port the fact that girls grow slightly faster than boys in that
age, and that sexual dimorphism in many ﬂat bones (the clav-
icle, pelvis, and the scapula) develops prior to adolescence,
which is caused mainly by a difference in male and femalegrowth rates. Moreover, these results make the variables useful
for sex diagnosis in younger age.
In the age of childhood (4 to less than 12 years), no statisti-
cally signiﬁcant differences were detected between both sexes
regarding any of the variables selected. This could be elucidated
by the fact that similar growth trajectories until the age of ado-
lescence is expected since the functional requirements of both
sexes are comparable prior to sexual maturation.35
With the beginning of the growth spurt, the maximum
scapular length as well as the glenoid cavity length showed sig-
niﬁcant sexual differences (age group 12–<14 years and 14 to
<16 years), in addition to supra-infrascapular index in the
later one.
Signiﬁcant differences between the sexes appear after the
cessation of growth in girls, as females reach maturity earlier
Figure 14 Polynomial regression lines for suprascapular height in male and female.
Figure 15 Polynomial regression lines for the infrascapular height in male and female.
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of the variables (the scapular length, breadth, maximum length
of the spine, supra and infra scapular height, maximum length
of the glenoid mass, thickness of the lateral border, as well as
the glenoid, supra-infrascapular indices) were sexually dimor-
phic in the individuals aged from 16 to less than 20 years.
None of the selected variables showed any statistically sig-
niﬁcant differences between both sexes in the age group 20 to
<22 years; this could be explained by the small number of
males in this group.
For the older group (22–25 years old); statistically signiﬁ-
cant differences were detected between males and females
regarding scapular length and breadth, maximum length of
the spine and suprascapular height. This could be clariﬁed
by the fact that longitudinal measurements are affected bythe ﬁnal height of the subjects more than the vertical one.
Some degree of further growth of the scapula including fusion
of the coracoid process continues into adult life and is not con-
strained by epiphyseal fusion of any of the long bones of the
body.
A study conducted by Rissech et al.16 on ﬂat bone (ilium),
clariﬁed that in the age group 0–4 years, girls have a higher
mean value than boys do, but from the age of 5 years boys
show higher mean values which is in accordance with the
results of the current study.
From 4 years upward, the majority of the male values
become greater than those of females, this might partially be
the result of males being more active and doing extra physical
labor, leading to better developed muscles and as the scapula
serve as an attachment for a variety of muscles, its growth is
Figure 16 Polynomial regression lines for supra-infrascapular index in male and female.
Figure 17 Polynomial regression lines for thickness of the lateral border in male and female.
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In addition, as puberty approaches, sexual dimorphism
increases by differential hormone secretion which is reﬂected
in the adolescent growth spurt.37
From the results of the present study, the maximum scapu-
lar length, scapular breadth, maximum length of the spine,
suprascapular, infrascapular heights, maximum length of the
glenoid mass and two indices (supra-infrascapular and gle-
noid) are useful for adult sex determination. This partially
coincides with Rissech et al.13, on the other hand he found that
glenoid height and width were also sexually signiﬁcant.
Moreover, the glenoid dimensions in Abd El Megid et al.38
study showed that the differences between adult males and
females were statistically signiﬁcant, even though, the mean
values for glenoid height and width are very close to those of
the current study. In 2011 Macaluso39 stated that thedimensions of the glenoid cavity were highly sexually dimor-
phic in adult black south Africans.
According to the data obtained from the current work, the
absence of signiﬁcant sexual differences from 2 years until
12 years of age, made it feasible to use the scapular variables
to calculate a unisex juvenile model. Furthermore, the lack
of sexual difference in any of the age groups regarding the gle-
noid cavity breadth and the scapular index speciﬁes that these
two variables are not useful for sexual determination, but they
can be of use for age estimation in individuals of both known
and unknown sex.
5. Conclusion
According to the observations, the following conclusions can
be enumerated:
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MDCT as an innovative non-invasive reproducible technol-
ogy for age estimation and sex determination particularly in
cases where the remains of interest should not be tampered
with.
 The present study developed regression equations speciﬁc for
age estimation in the sub-adult and adult populations. These
equations are representative of themodern Egyptian popula-
tion with regard to the growth parameters; as the growth
spurt and the cessation of growth of the variables measured.
 The application of the regression equations for age determi-
nation in sub-adult population has the beneﬁt to be applied
on unknown remains in the forensic context.
 The study has also generated information regarding the
timing at which sexual dimorphism in scapular measure-
ments are present, thus offering indications as to when
the variables may be useful for sex determination.
6. Recommendations
Results are very encouraging hence, the following recommen-
dations are proposed:
 Implementation of speciﬁc software in order to study the
shape dimorphism of the scapula as well as the size
dimorphism.
 Further research on growth and development of different
skeletal elements is necessary in order to obtain better infor-
mation for age estimation speciﬁcally in sub-adults popula-
tion both in archeological and forensic contexts.
 Accurate and reliable modern imaging techniques as
MDCT and MR should be integrated in the different
aspects of forensic medicine.
 Studies on a larger sample with more age groups are needed
to further conﬁrm the results of the present study.
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